This review summarizes the current research involving p-synephrine in combination with caffeine. Over 30 clinical human studies with in excess of 700 subjects, and animal and in vitro studies have assessed the safety, efficacy, and mechanism of action of Citrus aurantium (bitter orange) extract and its primary active constituent p-synephrine. Approximately 35% of these human subjects concurrently consumed caffeine, a stimulant thermogenic agent. In these clinical investigations, no serious adverse effects were reported or observed when using the combination of p-synephrine with caffeine. Animal studies with exceedingly high doses of p-synephrine in combination with caffeine support and affirm the human studies. The results of studies conducted to date indicate that p-synephrine does not augment the cardiovascular effects of caffeine or produce cardiovascular effects at commonly used doses. These observations can be explained on the basis of in vitro mechanistic studies.
Introduction p-Synephrine
) is a naturally occurring phenylethylamine derivative (protoalkaloid) present in Citrus aurantium and some other Citrus spp. 1 Bitter orange extract (BOE) has been widely used for ~20 years as the patented, standardized aqueous/ethanol extract of the dried immature fruit. BOE has been consumed in dietary supplements for weight management, sport performance, appetite suppression, energy, and focus. [2] [3] [4] In traditional Chinese medicine, the peel and/or whole dried immature fruit of C. aurantium (BO) is used for a variety of health applications, including indigestion, diarrhea, dysentery, and constipation, and as an expectorant. 5, 6 BO has been used in South American folk medicine to treat insomnia, anxiety, and epilepsy. BO is also known as Seville orange, because it has been grown in Seville, Spain, for approximately 800 years, where the oranges are used in various food products, including marmalade, syrup, and juice. 7, 8 p-Synephrine constitutes ~90% of the protoalkaloids in BOE and to which extracts are standardized. Various studies indicate that p-synephrine enhances energy production and sport performance by acting as a thermogenic agent. 9 p-Synephrine augments lipolysis, energy expenditure, and fat oxidation at rest and during the latter stages of recovery (ie, 30 minutes) following acute resistance exercise. 4, 10 It has also been shown to increase energy and appetite control. 11 
Safety studies Human studies
Recent studies have provided a growing body of information on the safety of BOE and p-synephrine and their mechanisms of action. Reviews of the scientific literature based on human studies indicate that commonly consumed doses of p-synephrine do not produce significant adverse effects and are free of stimulant activity. 2, 3, 7, 8 Stohs et al 2 and Stohs and Shara 3 summarized published and unpublished human clinical studies up to 2012, involving over 360 subjects who received a product containing a C. aurantium extract and p-synephrine alone or in combination with other ingredients. Over half the subjects consumed p-synephrine (up to 80 mg/ day) in combination with caffeine (up to 528 mg/day).
Since the publication of these reviews, a number of other safety studies have been conducted, with the majority of these on patented BOE standardized to p-synephrine, alone or in combination with caffeine. Human studies involving p-synephrine and caffeine are summarized in Table 1 . Several studies that have been conducted and presented at various scientific meetings but not published in peer-reviewed journals are summarized in Table 2 . Information regarding these latter studies was obtained online or directly from the authors. Approximately 35% of the subjects in all studies consumed a product that contained caffeine in addition to p-synephrine. 20 These studies did not determine how much caffeine was consumed daily in the form of coffee, tea, and other caffeine-containing products.
The Natural Health Products Directorate of Health Canada released an extensive review and health-risk assessment on p-synephrine, p-octopamine, and caffeine in 2011. The 49-page report also defined guidelines for the use of these three natural ingredients. 21 Health Canada concluded that the use of up to 50 mg/day of p-synephrine alone in healthy adults "is not likely to cause any adverse health consequences". A similar conclusion was drawn with respect to products containing ≤40 mg of p-synephrine when combined with ≤320 mg/day of caffeine. Dosing guidelines for p-octopamine were identical to p-synephrine. 21 Health Canada is comparable to the US Food and Drug Administration (FDA). This report was prepared before various studies described herein were published demonstrating safety at higher levels.
Intertek Scientific and Regulatory Consultancy, a supplier of scientific, toxicology, and regulatory services, is known for 
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Caffeine and p-synephrine in combination its conservative approach to dietary supplements. Its reports are widely used as a basis for making recommendations for the use and safety of supplements. Intertek conducted an indepth scientific literature review and issued a report on BOE (p-synephrine) and caffeine. 22 This report defined guidelines for the use of p-synephrine, the dominant protoalkaloid in BOE and caffeine, and noted that "p-synephrine is unlikely to have significant effects on inotropy, vasoconstriction, or blood pressure". 22 The Intertek report further stated that dosages "not likely to cause adverse effects" included 70 mg p-synephrine alone or 40 mg in combination with 320 mg of caffeine. 22 Furthermore, if taken as divided doses spaced out over the course of the day, 100 mg p-synephrine alone or 70 mg p-synephrine in combination with 400 mg caffeine is unlikely to be associated with adverse health effects. The report stated that "the use of p-synephrine alone or in combination with caffeine, within the specified limits, is not considered to pose significant concerns". 22 This report was also published before various more recent studies were published demonstrating safety at higher doses.
The European Food Safety Authority (EFSA) has published a scientific opinion on the safety of caffeine. 23 The extensive review states that "single doses of caffeine up to 200 mg (about 3 mg/kg body weight for a 70 kg adult) do not give rise to safety concerns". Furthermore, "habitual caffeine consumption up to 400 mg per day does not give rise to safety concerns for non-pregnant adults".
In a study involving male athletes, each subject was randomly assigned (in double-blind manner) to a treatment sequence consisting of the use of three supplements in the form of two "chews": 100 mg p-synephrine, 100 mg p-synephrine with 100 mg caffeine, or a placebo. 4, 10 The supplements were consumed for 3 days prior to testing. Each supplement treatment was separated by a 1-week washout period. All subjects performed a control resistance-exercise 
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Stohs and Ratamess protocol. No adverse effects were observed or reported with respect to p-synephrine in the presence or absence of caffeine, while p-synephrine increased lipolysis, energy expenditure, fat oxidation, and maximum oxygen intake (V0 2max ), as well as carbohydrate mobilization, primarily during selected segments of resting conditions before and 30 minutes after resistance exercise. Furthermore, an increase in numbers of repetitions and volume load occurred in response to p-synephrine compared to placebo, while the addition of caffeine increased the velocity of performance and mean power. 4 A study examined the safety of a preworkout dietary supplement with and without p-synephrine. 24 In a randomized, double-blinded, placebo-controlled manner, 25 healthy males daily received a placebo, a preworkout supplement containing 284 mg caffeine, or the caffeine-containing preworkout supplement, which also contained 20 mg p-synephrine, with a 1-week washout between testing sessions. Ingestion of the preworkout supplement with and without p-synephrine had no adverse effects on liver enzymes, kidney function, blood chemistries, or muscle enzymes relative to baseline or placebo. No clinically significant effects were observed among the treatment groups with respect to heart rate, blood pressure, electrocardiography (ECG), or blood chemistry panels. 24 In a second study by the same investigators, the effects of ingesting the same preworkout dietary supplement for 8 weeks containing 284 mg caffeine with or without 20 mg p-synephrine were determined. 25 The group receiving the product with p-synephrine contained 27 male subjects, while the other two groups contained similar numbers of subjects. No statistically significant effects were observed between groups with time regarding blood pressure, heart rate, or blood chemistry panels.
A study recently examined the acute cardiovascular effects of five supplements containing p-synephrine, caffeine, or a combination of both in different doses compared to a placebo. In a double-blind, randomized, within-subject research design, eight healthy human subjects were given 103 mg of p-synephrine (50% p-synephrine; ~1.3 mg/kg of body mass), 233 mg caffeine + 104 mg p-synephrine, 240 mg caffeine, 337 mg caffeine + 46 mg p-synephrine, 325 mg caffeine, or a placebo with a 1-week washout period between trials. Subjects reported to the laboratory in a fasted state (at a standard time of day early in the morning) and were assessed during a quiet resting (sitting) protocol for 3 hours following consumption of the supplement. p-Synephrine consumption on its own did not significantly affect systolic blood pressure or heart rate at any time point. Interestingly, the p-synephrine alone resulted in small but significantly lower diastolic blood pressure at 1 and 2 hours postconsumption compared to the other supplements. Only the two trials consisting of higher caffeine doses resulted in significantly elevated systolic blood pressure. No augmented blood pressure or heart rate responses were observed when p-synephrine was added to caffeine beyond the effects of caffeine alone. In fact, no changes in heart rate were observed during consumption of any of these supplements. Responses were similar in both habitual caffeine consumers and those who did not routinely consume caffeine. These data support previous studies and indicate that p-synephrine on its own does not induce cardiovascular stress at commonly used doses, nor does it augment cardiovascular effects when combined with caffeine. 2, 3, 20 In addition to these scientific studies, tens of millions of doses of p-synephrine-containing products have been consumed in the US and internationally by millions of individuals in combination with coffee, caffeinated beverages, and caffeine without report of serious incidents. 2, 3 Furthermore, orange juice of various types (mandarins, Marrs sweet oranges, clementines) has been shown to deliver up to 20-25 mg p-synephrine per 8 oz (~237 mL) glass. 26, 27 Millions of individuals consume p-synephrine on a daily basis in the form of juice and orange-related food products, such as marmalade, alone and in combination with caffeine from various beverages without adverse events. No serious adverse events have ever been directly attributable to p-synephrine or BOE.
In addition to studies involving p-synephrine (BOE) and caffeine, various other human studies have assessed the safety of p-synephrine. In a double-blinded, placebo-controlled safety study by Kaats et al, 28 46 healthy human subjects were given BOE in capsule form (49 mg p-synephrine) twice a day (total of 98 mg/day) for 60 days, while 23 subjects received the placebo. No adverse effects were observed with respect to heart rate, blood pressure, blood chemistry, or blood cell count with differentials, indicating the safety of p-synephrine and BOE. No differences were found between the treated and placebo groups, and the subjects reported no adverse events. Caffeine was not included in the study protocol.
A placebo-controlled, double-blind, crossover safety study involving 18 male and female subjects examined the effects of BOE containing a dose of 49 mg p-synephrine in capsule form on ECG, heart rate, blood pressure, and blood chemistry over a 24-hour period. 29 
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Caffeine and p-synephrine in combination decrease in diastolic blood pressure was observed 60 minutes after consumption of the p-synephrine-containing product.
In this study, 29 caffeine and p-synephrine blood levels were determined 2 hours after product administration for both control and p-synephrine-treated subjects to confirm that the subjects had consumed the BOE and to determine whether they were consuming caffeinated beverages. The results indicated compliance by all subjects regarding consumption of the BOE (p-synephrine). Levels of caffeine in blood varied from zero (only two non-caffeine-consuming subjects) to levels indicating a high, regular consumption of caffeinated beverages among most participants, without adverse cardiovascular effects being observed. Levels of caffeine in blood averaged about 900 ng/mL. Levels 2 hours after a 49 mg dose of p-synephrine were about 10.3 ng/mL (0.06 µM). 29 In a follow-up placebo-controlled, double-blind, crossover study, BOE at a dose of 49 mg p-synephrine daily in capsule form for 15 days to eight male and eight female subjects was shown to have no significant effects on ECG, heart rate, blood pressure, serum chemistry, or blood cell count, and no adverse effects were reported or observed by any of the subjects. 30 Average blood levels of p-synephrine 4 hours after administration on days 7 and 14 were ~2.6 ng/mL. At this time point, blood caffeine levels averaged about 800 ng/mL, indicating that most subjects regularly consumed caffeinated beverages.
In a study that assessed safety, energy, and appetite control, chocolate-flavored chews containing 51.5 mg p-synephrine (BOE standardized to 50% p-synephrine) or placebo were consumed 15-30 minutes before the two largest meals of the day for 15 or 30 days. 11 As such, subjects consumed 103 mg p-synephrine or placebo daily. No caffeine was given to the participants, although a majority consumed caffeine on a daily basis. No changes in heart rate or blood pressure were noted, and no adverse effects were reported for the p-synephrine treated group (103 mg p-synephrine per day) or the placebo control group. Statistically significant increases in energy and a decrease in appetite/eating were reported with respect to the p-synephrine chew compared to the placebo control chew. 11 One case study concerned an ascending aortic dissection in a male who consumed a preworkout supplement of unidentified composition, which was reported to contain caffeine and p-synephrine. 31 The authors suggested that p-synephrine caused undetected aortopathy, although they did not know how much p-synephrine or caffeine was in the product. In actuality, the product contained 135 mg caffeine, 10 mg p-synephrine, 1.5 g β-alanine, Mucuna pruriens extract standardized for l-3,4-dihydroxyphenylalanine, and other ingredients. The authors did not review the literature and cited various poorly written case reports and speculative review articles. They failed to note that no controlled studies have ever shown adverse cardiovascular effects associated with p-synephrine, and that this amount of p-synephrine is widely consumed on a daily basis by many individuals in citrus juices and other food products without adverse effects. 31 Thomas et al 32 reported a case study of ST-segment elongation myocardial infarction in a 24-year-old male who had consumed a product containing p-synephrine and caffeine along with a caffeine energy drink on an empty stomach. The individual then proceeded to initiate a rigorous workout. The composition of the product was not given, but contained at least six alkaloidal ingredients, including 20 mg p-synephrine and 200 mg of caffeine. The amount of caffeine in the energy drink was not disclosed. The authors acknowledged that caffeine is known to "directly stimulate cardiac function". However, they concluded that although the product "contains a variety of sympathomimetic and stimulant compounds, the most likely culprit for the induction of the coronary artery spasm is synephrine", in spite of the fact that they could cite no controlled studies in the scientific literature that p-synephrine exerts cardiovascular effects when given orally at this dose or higher doses.
Another case study reported that apical ballooning syndrome occurred in a young woman who consumed a dietary supplement that contained synephrine and caffeine. 33 No evidence or information was provided substantiating their claim, other than reference to several other poorly written case studies. The authors failed to review the current scientific literature. The authors did not indicate the names or composition of the products being taken, the amounts of the various ingredients, how many different dietary supplements were being taken, the amounts of the products being taken by the subject, or the conditions under which the supplements were being taken. No evidence directly linking supplement use with the observed syndrome was provided. As a consequence, it is not possible to establish a cause-and-effect relationship.
Well-researched and documented case studies should raise levels of awareness, while poorly written case studies can raise unfounded concerns. As discussed earlier, caffeine is known to exhibit cardiovascular activity, while p-synephrine is not. The results of these studies indicate that BOE and p-synephrine do not cause significant adverse effects, such as cardiovascular and central nervous system stimulation, at the doses commonly used under the conditions that have been employed to date, and do not augment the cardiovascular 
Animal studies
Several animal studies have been conducted by the National Center for Toxicological Research in conjunction with the FDA regarding the safety of BOE and p-synephrine. [34] [35] [36] In a study that examined the developmental toxicity of C. aurantium in rats, the authors concluded that doses of up to 100 mg p-synephrine/kg body weight did not produce developmental toxicity. 34 At this dose, there were no adverse effects with respect to embryo lethality, fetal weight, or incidence of gross, skeletal, or visceral abnormalities. This dose in rats is equivalent to a dose of p-synephrine of ~1.3 g in an 80 kg human, an amount that is 26 times greater than a typical 50 mg dose, thus demonstrating a very high degree of safety.
These authors examined the physiological effects of administering p-synephrine in the form of BOE and isolated p-synephrine to rats for 28 days at doses of up to 50 mg/kg with and without caffeine at 25 mg/kg. 35 Minimal, clinically insignificant effects were produced by these high doses of p-synephrine with respect to heart rate and blood pressure. As expected, caffeine alone and in combination with p-synephrine produced more pronounced but small increases in heart rate and blood pressure. The 25 mg/kg dose of caffeine in the rats is equivalent to approximately a 325 mg dose in an 80 kg human. Because p-synephrine binds approximately 10 times more readily to adrenergic receptors in rats compared to humans, results of animal studies cannot be directly extrapolated to humans. 37 The potential cardiovascular effects of BOE and p-synephrine were also examined in exercised rats given up to 50 mg/kg p-synephrine in the presence and absence of 25 mg/kg caffeine for 28 days. 36 Small increases in heart rate and body temperature were reported due to caffeine, while p-synephrine exhibited small, clinically insignificant effects on blood pressure at the high dose. It should be noted that the dose of 50 mg/kg p-synephrine is approximately 13 times higher than a typical 50 mg dose in an 80 kg human in conjunction with a dose of ~325 mg caffeine. It should again be kept in mind that a dose 10 times higher in humans may be required to produce the modest cardiovascular effects that are observed in rats. 37 The acute toxicity of BOE and p-synephrine in mice was examined by Arbo et al. 38 The administration of BOE containing 2.5% p-synephrine at single oral doses of 300-3,000 mg/kg resulted in reduced locomotor activity (hypoactivity). Doses of 150-2,000 mg/kg of p-synephrine produced reduced locomotion, salivation, gasping, piloerection, and exophthalmia. All effects were reversible and resolved in 3-4 hours. These effects were believed to be due to adrenergic agonist activity. Because p-synephrine is a poor adrenergic agonist (see "Mechanistic studies" section), exceedingly high doses are required to produce these effects.
In another study, mice were treated daily with BOE (7.5% p-synephrine) at doses of 400/2,000/4,000 mg/kg (corresponding to 30/150/300 mg p-synephrine/kg) or 30/300 mg p-synephrine/kg. 39 The 300 mg/kg dose is approximately 78 times a typical 50 mg human dose of p-synephrine. This study did not include caffeine. A reduction in body-weight gain was observed at all doses relative to controls. No adverse effects were observed regarding organ weight, biochemical parameters, blood pressure, or heart rate in the treated mice at any of the doses.
In addition, both doses of p-synephrine and the high dose of BOE resulted in increases in the antioxidant and tissue protectant glutathione, while BOE decreased malondialdehyde content (an indicator of lipid peroxidation and oxidative lipid damage) and p-synephrine increased catalase, which neutralizes hydrogen peroxide. 39 The results indicated a beneficial effect with respect to weight loss without adverse effects while also providing an antioxidant and tissue-protective effect.
Several unpublished safety studies have also been conducted on the safety of p-synephrine (personal correspondence). A single dose of 10,000 mg/kg of a 6% p-synephrine containing BOE did not cause lethality in rats. Furthermore, 5,000 mg/kg of a 50% p-synephrine-containing extract did not produce deaths in rats, indicating that the LD 50 of this extract was >5,000 mg/kg. 20 Studies on the LD 50 of caffeine in rats have been summarized by Adamson. 40 The average LD 50 in male albino rats for caffeine over six studies was 367 mg/kg. For female rats, the estimated LD 50 was over 300 mg/kg. Cases of caffeine lethality in humans are rare. In summary, animal studies indicate that at the doses of p-synephrine commonly used in dietary supplements, either alone or in conjunction with commonly used doses of caffeine, cardiovascular or other adverse effects would not be expected.
Mechanistic studies
Cardiovascular effects of ligands are associated with adrenergic receptor binding. In general, when ligands bind to α-adrenergic receptors, vasoconstriction occurs, and when binding to β 1 -adrenergic receptors, cardiovascular con- 
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Caffeine and p-synephrine in combination tractility and increased heart rate result. Ligand binding to β 2 -adrenergic receptors is associated with bronchodilation. 41 It should be noted that adrenergic agonists with poor adrenergic receptor binding can exert cardiovascular effects through indirect mechanisms, such as the release of norepinephrine and epinephrine. 9 Adverse cardiovascular effects are commonly associated with ephedrine, but not p-synephrine. 2, 3 The reason for the lack of blood pressure and heart rate effects in conjunction with p-synephrine may be due to the fact that p-synephrine binds much more poorly to α 1 -, α 2 -, β 1 -, and β 2 -adrenergic receptors than other ligands, such as norepinephrine and m-synephrine. 42 For example, Brown et al 43 observed that p-synephrine was 1,000-fold less active in binding to α 1 -and α 2 -adrenergic receptors than norepinephrine, while binding of synthetic m-synephrine (phenylephrine) to these two receptors was 150-and 6-fold less, respectively, than norepinephrine. m-Synephrine does not occur in nature, is not present in BOEs, 44 and is not permitted in dietary supplements. Ma et al 45 concluded that p-synephrine acts as an antagonist, rather than an agonist, with respect to human α 2A -and α 2C -adrenergic receptors. Jordan et al 46 concluded that p-synephrine bound to β 1 -and β 2 -adrenergic receptors about 10,000-fold less actively than norepinephrine.
Various studies have shown that p-synephrine binds to β 3 -adrenergic receptors, resulting in an increase in the body's ability to break down fats. 37, 47, 48 Binding to β 3 -adrenergic receptors does not influence heart rate or blood pressure. Again, because p-synephrine exhibits little or no binding to α 1 -, α 2 -, β 1 -, and β 2 -adrenergic receptors and does not appear to exert indirect adrenergic effects, cardiovascular effects, such as an increase in heart rate and blood pressure, are not experienced at commonly used doses, unlike a number of other phenylethylamine and phenylpropanolamine derivatives. Small structural changes result in large differences in adrenergic receptor binding and subsequently the ability to produce cardiovascular effects. p-Synephrine also enhances the body's utilization of carbohydrates by producing more energy in the form of ATP. [49] [50] [51] [52] It facilitates cellular uptake of glucose in muscle cells, as well as glycogenolysis, gluconeogenesis, glycolysis, and oxygen uptake. The involvement of both calcium ion and cAMP with adrenergic receptors has been demonstrated to be involved in these biochemical processes, indicating the involvement of multiple mechanisms.
In a study involving the use of NMUR2and shRNAknockdown HEK293 cell lines, p-synephrine was shown to bind to this receptor with high efficacy and potency at micromolar concentrations achievable after oral administration. 53 NMUR2 is present in the hypothalamic regions of the brain and is associated with regulation of food intake, energy balance, stress, and nociception.
Because p-synephrine is rapidly metabolized, with only about 2.5% being excreted in the urine unchanged, are adequate blood levels achieved to produce potential cardiovascular and thermogenic effects? Several studies have shown that the half-life of p-synephrine is between 2 and 3 hours. [54] [55] [56] Haller et al 55 4 and energy production 11 have been demonstrated at these doses, as well as higher doses of p-synephrine that do not produce cardiovascular effects. 4, 10, 11, 24, 25, 52, 57, 58 Therefore, adequate blood levels are achieved to produce these effects without cardiovascular effects. The question remains whether cardiovascular effects can be attained at doses of p-synephrine >100 mg. To date, doses of up to 100 mg p-synephrine per day for 60 days have been shown to be without adverse effects. 28 Caffeine has various effects and mechanisms of action. In vascular smooth muscle cells, caffeine acts predominantly as a competitive inhibitor of the enzyme phosphodiesterase, which is responsible for the breakdown of cAMP. cAMP is an important second messenger and produces diverse signaling responses, including those associated with energy status (AMP:ATP ratio) and the effects of caffeine. 59, 60 A second mechanism of action of caffeine is based on its binding to and inhibiting adenosine A 1 and A 2A receptors. [61] [62] [63] Caffeine inhibition of the A 1 receptor activates adenylate cyclase, which results in an increase in cAMP and activity of protein kinase A, the latter being associated with stimulation of the central nervous system.
The resultant downstream pharmacological effects of caffeine include an increase in energy metabolism and vasodilatation and a decrease in smooth muscle contraction. Furthermore, caffeine causes neurotransmitter release, resulting in central nervous system stimulation, positive inotropic and possibly weak chronotropic effects on the heart, and increased blood pressure. In addition, in the kidney caffeine induces diuresis, vasodilatation, and sodium reabsorption as a result of increased glomerular filtration rate secondary to increased blood pressure. [61] [62] [63] Daily consumption of up to 400 mg of caffeine is believed to be safe and without serious, injurious, long-lasting, or life-threatening adverse health effects. 23 Because p-synephrine does not augment the effects of caffeine at commonly used doses or exert cardiovascular effects on its own, recommendations for the use of p-synephrine in combination with caffeine should be a reflection of the recommendations for caffeine.
Conclusion
Over 30 published and unpublished human studies have been conducted on BOE (p-synephrine), involving over 700 subjects, with ~35% of subjects consuming a product that also contained caffeine. The number of subjects in these studies that were regular caffeine consumers is not known, although it is known that ~80% of adults consume caffeine on a regular basis. The highest daily dose of caffeine consumed in a study was over 500 mg, while the highest daily dose of p-synephrine in these studies was 104 mg. p-Synephrine applications include weight loss/weight management, sport performance, appetite control, energy, mental focus, and cognition. Various studies indicate that p-synephrine exerts these effects through such mechanisms as binding to β 3 -adrenergic receptors, which regulate lipid and carbohydrate metabolism. p-Synephrine also enhances cellular uptake of glucose and mitochondrial production of ATP. Because p-synephrine exhibits little or no binding to α 1 -, α 2 -, β 1 -, and β 2 -adrenergic receptors and no indirect adrenergic effects, it exerts metabolic enhancement without acting as a central nervous system or cardiovascular stimulant, and thus does not increase heart rate or blood pressure.
Caffeine is a stimulant thermogenic agent with mechanisms of action that differs from p-synephrine. It is a competitive inhibitor of the enzyme phosphodiesterase, and also binds to and inhibits adenosine A 1 and A 2A receptors. Caffeine is widely used in combination with p-synephrine. Studies in humans and animals to date have shown that the combination of p-synephrine with caffeine is safe and free of adverse events. A recent study in humans specifically addressed the cardiovascular effects of caffeine and p-synephrine alone and in combination. Caffeine at high doses increased systolic blood pressure, while p-synephrine exhibited a small decrease in diastolic blood pressure and did not enhance the cardiovascular effects of caffeine.
Taken together, human, clinical, animal, and in vitro studies indicate that p-synephrine does not act as a cardiovascular stimulant at commonly used doses, nor does it augment the cardiovascular effects of caffeine. This lack of cardiovascular stimulation by p-synephrine can be readily explained by its poor adrenergic receptor binding and lack of indirect adrenergic effects. It should be noted that published studies involving caffeine and p-synephrine have been short term in nature. Longer term studies are needed to assess both the efficacy and the tolerability of the combination of these two ingredients.
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